In this study, since the doubly heavy baryons masses are experimentally unknown (except cc   and cc   ), we present the ground state masses and the positive and negative parity excited state masses of doubly heavy  baryons. For this purpose, we have solved the six-dimensional hyperradial Schrödinger equation analytically for three particles under the hypercentral potential by using the ansatz approach. In this paper the hypercentral potential is regarded as a combination of the color Coulomb plus linear confining term and the six-dimensional harmonic oscillator potential. We also added the first order correction and the spin-dependent part contains three types of interaction terms (the spin-spin term, spin-orbit term and tensor term) to the hypercentral potential. Our obtained masses for the radial excited states and orbital excited states of ccd  , ccu  , bbd  , bbu  , bcd  and bcu  systems are compared with other theoretical reports, which could be a beneficial tool for the interpretation of experimentally unknown doubly heavy baryons spectrum.
Introduction
The doubly heavy baryons have two heavy quarks (c and b) with a light quark (d or u or s). The doubly heavy  baryons family have up or down quarks but  family has a light strange quark and their masses spectra have been predicted in the quark model [1] . The SELEX collaboration announced only the experimental mass for the ground state of cc   baryon and LHCb has determined the ground state of cc   baryon mass while no triply heavy baryons have been observed yet [2] . Recently experiments and theoretical outcomes have been used in studying the heavy baryons. A lot of new experimental results have been reported by various experimental facilities like CLEO, Belle, BaBar, LHCb, etc [3, 4] . on ground states and many new excited states of heavy flavor baryons. Bottom baryons are investigated at LHC and Lattice-QCD whereas charm baryons announced at the B-factories [5, 6] . On the other hand the theoretical works are providing new results for doubly heavy baryons like the Hamiltonian model [7] , relativistic quark model [8] , the chiral unitary model [9] , QCD sum rule [10, 11] and many more. Single-and double-heavy baryons in the constituent quark model were studied by Yoshida et al. They used a model in which there were two exceptions, a color-Coulomb term depending on quark masses and an antisymmetric L.S force. They studied on the low-lying negative-parity states and structures within the framework of a constituent quark model [7] . In Ref. [12] , the authors, calculated the masses of baryons with the quadratic mass relations for ground and orbitally excited states. Wei et al estimated the masses of singly, doubly, and triply bottom baryons in Ref. [13] . Then studied on the linear mass relations and quadratic mass relations.
The light flavor dependence of the singly and doubly charmed states investigated by Rubio et al. They focused on searching the masses of charmed baryons with positive and negative parity [5] . In Ref. [14] , the authors using lattice QCD for baryons containing one, two, or three heavy quarks. They applied nonrelativistic QCD for the bottom quarks and relativistic heavy-quark action for the charm quarks. Padmanath et al, determined the ground and excited state spectra of doubly charmed baryons from lattice QCD with dynamical quark fields [15] . The mass of the heavy baryons with two heavy b or c quarks for spin 1 2 in the framework of QCD sum rules estimated by Aliev et al. They use the most general form of the interpolating current in its symmetric and anti-symmetric forms with respect to the exchange of heavy quarks, to calculate the two point correlation functions describing the baryons under consideration [16] . The authors calculated the masses and residues of the spin 3 2 doubly heavy baryons within the QCD sum rules method In Ref. [17] . Eakins et al were ignored all spin-dependent interactions and assume a flavor independent potential, worked in the limit where the two heavy quarks are massive enough that their motion can be treated as essentially non-relativistic and QCD interactions can be well-described by an adiabatic potential [18] . The three-quark problem solved by Valcarce et al. by means of the Faddeev method in momentum space [19] .
The masses of the ground and excited states of the doubly heavy baryons calculated by Ebert et al, baryons on the basis of the quark-diquark approximation in the framework of the relativistic quark model [20] . In Ref. [21] , the authors, in the model with the quark-diquark factorization of wave functions estimated the spectroscopic characteristics of baryons containing two heavy quarks. Albertus et al, used five different quark-quark potentials that include a confining term plus Coulomb and hyperfine terms coming from one-gluon exchange. They solved the three-body problem by means of a variational ansatz made possible by heavy quark spin symmetry constraints [22] .
In this study, we have used the hypercentral constituent quark model (hCQM) with Coulombic-like term plus a linear confining term and the harmonic oscillator potential [23] . We also added the first order correction and the spin-dependent part to the potential and calculation has been performed by solving six dimensional hyperradial Schrödinger equations by using the ansatz method. We have obtained the mass spectra of radial excited states up to 5S and orbital excited states for 1P-5P, 1D-4D and 1F-2F states. This paper is organized as follows: we briefly remind the hypercentral constituent quark model and introduce the interaction potentials between three quarks in doubly heavy baryons in section 2. In sect. 3 we present the exact analytical solution of the hyperradial Schrödinger equation for our proposed potential. In sect. 4, our masses spectra results for ground, radial and orbital excited states of baryon family with six members are given and compare with other predictions. We present the conclusions in section 5.
Theoretical Framework: The HCQM Model and Hypercentral Potential
The hypercentral model has been applied to solve bound states and scattering problems in many various fields of physics. In this model, we consider baryons as three-body systems of constituent quarks. In the center of mass frame, the internal quark motion is described by the Jacobi coordinates (  and  ) [24] and the respective reduced masses are given by 1   , which is attractive for small separations [26, 27] , while at large separations a hyper-linear term,
gives rise to quark confinement [28] where  Corresponds to the string tension of the confinement [29] . Third, the six-dimension harmonic oscillator potential,
, which has a two-body character, and turns out to be exactly hypercentral [30] where p is constant. The solution of the hypercentral Schrödinger equation with Coulombic-like term plus a linear confining term potential cannot be obtained analytically [31] therefore, Giannini et al .used the dynamic symmetry O(7) of the hyperCoulomb problem to obtain the hyper Coulomb Hamiltonian and eigenfunctions analytically and they regarded the linear term as a perturbation. Combination of the color Coulomb plus linear confining term and the six-dimensional harmonic oscillator potential has interesting properties since it can be solved analytically, with a good correspondence to physical results. The first order correction (1) () V x can be written as [30] [31] [32] [33]   is the color factor for the baryon. s  is the strong running coupling constant, which is written as
The spin-dependent part () SD Vx is given as
The spin-dependent potential, ()
SD
Vx contains three types of the interaction terms [34] , such as the spin-spin 
In our model, the hypercentral interaction potential is assumed as follow [34] :
The baryons masses are determined by the sum of the model quark masses plus kinetic energy, potential energy and the spin-dependent interaction as [36] . First, we have solved the hyperradial Schrödinger equation exactly and find eigenvalue under the proposed potential by using the ansatz approach.
The Exact Analytical Solution of the Hyperradial Schrödinger Equation under the Hypercentral potential
The Hamiltonian of three bodies' baryonic system in the Hypercentral constituent quark model is expressed as [37] 
Where  is the grand angular quantum number and given by 2n l l      , 0,1,...; n  l  and l  are the angular momenta associated with the  and  variable and denotes the number of nodes of the space three-quark wave function [39] . In Eq. (11) 
The hyperradial wave function , 4
We suppose the ()
form for the wave function. Now we make use of the ansatz for the () hx and () gx [42] [43] [44] :
q , c and d are positive. From Eq. (14) we obtain
Comparing Eqs. (12) and (15), it can be found that 
At last for the best doubly heavy baryons masses ( Table 1 ) are selected using genetic algorithm. The cost function of a genetic algorithms the minimum difference between our calculated baryon mass and the reported baryons mass of other works. (see Tables 2, 3 Table 2 . To calculate the orbital excited state masses (1P-5P, 1D-4D, 1F-2F) we have considered all possible isospin splitting and all combinations of total spin S and total angular momentum J. Our outcomes and the comparison of masses with other approaches are also tabulated in Tables 4, 5 and 6. We can easily observe that our calculated masses for 4P-5P, 1D-3D and 1F-2F are matched with Ref. [1] . Our outcome for 3D state 3 2 P J   is quite equal to the predictions of Refs. [7, 40, 35, 44] . For the ground and excited states of doubly heavy baryons ( cc   ), the minimum and maximum percentage of relative error values are 0% and 3.53% between our calculations and the masses reported by Shah et al. [1] . For bb  and bc  baryons, the mass difference from our calculations and other references is large.
Comparing our findings with the masses reported by Shah et al. [1] , the minimum and maximum percentage of relative error values are 1.2% (0.8%) and 10.317% (6.92%) for the ground and excited states of doubly heavy baryons bb  and bc  , respectively. (1
Conclusion
In this study, we have computed the mass spectra of ground and excited states for doubly heavy  baryons by using a hypercentral constituent quark model. For this goal we have analytically solved the hyperradial Schrödinger equation for three identical interacting particles under the effective hypercentral potential by using the ansatz method. Our proposed potential is regarded as a combination of the Coulombic-like term plus a linear confining term and the harmonic oscillator potential. We also added the first order correction and the spin-dependent part to the potential. In our calculations, the u and d quarks have 10 MeV difference mass, so there is a very small mass difference between with other predictions revealed that they are in agreement and our proposed model can be useful to investigate the doubly heavy baryons states masses. For example, for the ground, radial and orbital excited states masses of doubly heavy  baryons the minimum and the maximum percentage of relative error values are 0% and 6% between our calculations and the masses reported by Shah et al. [1] .
